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SUMMARY 


Part I of the Toronto Waterfront Sediment assessment is designed to 
Show the historical formation and development of Toronto nearshore 
sediments and to provide good baseline information on contaminant 
levels in the sediments sampled between the period of 1976 to 1983. 
Preliminary studies were reported by the Ministry in 1974. 


The analytical results presented are evaluated in light of the 
Ministry Dredged Material Disposal Guidelines (1976). These 
Guidelines are used routinely to assess the suitability of dredged 
material for open lake disposal. Parameter values in excess of the 
numerical Guidelines suggest that contamination of sediment has 
taken place while sediments with parameter values less than the 
guidelines are considered clean and acceptable for open water 


disposal. 


High levels of contamination were found in sediments of Humber Bay, 
the Inner Toronto Harbour and Ashbridges Bay. However, it must not 
be construed that parameters with levels in excess of MOE guidelines 
will have a discernible impact on water quality or aquatic 
organisms. The significance of contaminant levels with respect to 
potential impacts will be examined in Part II of this study (1985). 


The water supplies at both the R.C. Harris and the Island filtration 
plants were monitored during recent years to determine any potential 
impacts of contaminated sediment movement from dredging and 
lakefilling activities. The results have shown no discernible 
effects attributable to sediment movements since water supplies at 
both plants remain of excellent quality. 
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Humber Bay 


There do not appear to be any marked changes over time in sediment 
type or quality in Humber Bay based on MOE Survey results between 
1979 and 1982. 


The surficial sediments in the deeper, central portions of the Bay 
consist primarily of fine material with coarser material near the 
shoreline of the Bay. The portion of Humber Bay bordering on 
Toronto Island consists of clean sands which form a narrow band that 
extends northwards to a point immediately west of Ontario Place. 
Sediment quality distribution in Humber Bay appears to correspond to 
the sediment type distribution. The coarser material around the 
Shoreline of the Bay, outside of the breakwalls, is relatively 
clean. Progressing inwards to the Bay, the degree of contamination 
increases uniformly to a point roughly 2km south of the Humber Bay 
Sewage Treatment Plant (STP) outfall. From this point to the Humber 
River mouth and about 1.5km on either side of the STP discharge 
pipe, is a zone of heavily contaminated sediments, based on 
measurements of loss on ignition, nutrients, metals, solvent 
extractables and PCB's. In contrast, the coarse sediments at 
stations close to shore (outside the breakwall) and in the western 
part of the Bay, are clean. 


The quality of the sediment inside the Humber Bay breakwall is 
variable. The materials at those stations close to the Humber River 
mouth and in the vicinity of the Boulevard Club, consist of coarse, 
clean sediments. Other stations show mainly silt with small amounts 
of sand and clay, with elevated levels of phosphorus, cadmium, 
copper, chromium, lead, zinc, oil and grease and PCB's. 


The poor quality of sediments along the central portion, inside the 
breakwall, is perhaps a reflection of inadequate dispersion of 
contaminants and contaminated sediments entering the area from 
outside the breakwall or from urban storm drainages. 
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Humber Bay Park 


The two stations that were sampled in the Humber Bay Park lakefill 
embayments show elevated levels for loss on ignition, nutrients, 
PCB's amd oil and grease. The sediments at the station in the 
eastern embayment were highly contaminated. This embayment likely 
traps material from the Humber River discharges. 


Toronto Harbour 


In Toronto Inner Harbour, distinct zones can be identified (boat 
slips, Island waterways, main Harbour and Keating Channel) with 
varying degrees of contamination. 


The sediment found in the boat slips and the waterways between the 
islands show greatly elevated levels for loss on ignition, 
nutrients, metals, solvent extractables and PCB's. The main Harbour 
sediments are less contaminated than the slips. The Keating Channel 
(located at the mouth of the Don River) sediments show material with 
elevated levels of phosphorus, chromium, copper, lead, zinc, iron, 
solvent extractables and PCB's. The sediments vary from coarse 
material near the Don River mouth to fine material at the lower end 
(west) of the Channel. The concentration of the contaminants in the 
Keating Channel sediments was generally lower than the rest of the 
Inner Harbour. 


The Outer Harbour sediments are slightly coarser than the Inner 
Harbour sediments and are also contaminated. Stations near the 
shore show very low levels of metals whereas stations in the middle 
of the approach channel show elevated levels of chromium, lead, 
zinc, arsenic, oi] and grease and PCB's. 


In general, the sediments in the Inner Harbour are more heavily 
contaminated compared to the Outer Harbour. 


Toronto Island and Eastern Headland 


The sediments on the Lake Ontario side of the Toronto Island are 
mainly coarse, clean material. Much of this material was derived 
from littoral drift originating from the Scarborough Bluffs. The 
exception to the otherwise clean area is a station located in the 
vicinity of the western water intake pipe (Island Filtration Plant), 
in a local depression. Fine sediment with elevated levels of copper 
nickel, zinc, oi] and grease and PCB's appears to be trapped in this 
depression. 


The sediments around the Eastern Headland vary in physical type and 
chemical quality. The area south of the Headland is moderately 
contaminated with respect to lead, oil and grease and PCB's. The 
sediments around the Headland appear to be influenced by material 
from the lakefilling activity at the Headland. The contribution 
from this source, however, cannot presently be clearly defined. 


Ashbridges Bay and 


Eastern Beaches 


The station in Ashbridges Bay lakefill embayment is notably more 
contaminated than adjacent stations outside the embayment, with high 
levels of nutrients, PCB's, mercury, cadmium, chromium, copper, 
lead, zinc and oil and grease. The sediment along the Eastern 
Beaches sector is composed of coarse, sandy material found to be 
relatively clean at all stations. Exceedingly small elevations in 
phosphorus levels over the MOE ; Guidelines are noted at a few 
stations. These isolated pockets are most likely temporary deposits 
that reflect the influence of the Main Sewage Treatment Plant 
discharge in this area. Elevated levels in solvent extractables at 
a few stations and arsenic at one station in the vicinity of the 
R.C. Harris Filtration Plant intake are also noted. These stations 
are suspected to be in depressions where localized deposition occurs. 


a 


The Scarborough Bluff stations consist of coarse, sandy sediments 
that are clean. The sediment station located at the mouth of 
Highland Creek shows elevated levels of oil and grease. 


Conclusions 


Considerable variation exists in sediment quality and type across 
the Toronto Waterfront. The two major factors influencing these 
sediment characteristics appear to be local discharges and lake 
hydrodynamic forces (waves and currents ). Areas such as the 
Scarborough Bluffs - Eastern Beaches sector of the Toronto 
Waterfront which is frequently exposed to waves and littoral 
currents, especially from the east, consist primarily of clean, 
coarse-grained material. Other areas such as the lakefill 
embayments, Ashbridges Bay and Toronto Harbour are not under the 
influence of any significant water movement that would disperse fine 
materials and contaminants. Discharges to these areas result in 
local areas of degraded bottom sediment. 


The most degraded areas on the Waterfront are the Inner Toronto 
Harbour and Humber Bay. Localized pockets of less contaminated 
sediments are also found throughout the waterfront. The Inner 
Harbour sediments are relatively confined and present no direct 
potential for redistribution. The pattern of contaminant 
distribution within Humber Bay, however, requires further 
assessment. The build-up of contaminated sediments in the 
southeastern portion of the Bay suggests continued contaminant 
loading to the Bay with diminishing influence from waves and 
currents and possibly reduced drift of clean littoral sands from the 
east. The construction of the Eastern Headland could be the 
governing factor. 
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CHAPTER 1 - INTRODUCTION 


An understanding of the role of sediments in transport and fate of 
environmental contaminants has taken on increasing significance over 
the last decade. Concerns over contaminants in sediments became 
apparent in the 1960's due mainly to redistribution of contaminants 
from polluted harbours through open-lake disposal of dredged 
material. As a result of these concerns, several studies were 
carried out through the U.S. Army Corps of Engineers' DREDGED 
MATERIAL RESEARCH PROGRAMS (DMRP*) to address issues associated with 
contaminants in sediments. 


The DMRP and other similar studies suggest that contaminants in 
sediment present a potential to affect water and biota. 

Contaminants in sediments, referred to as 'inplace pollutants’, 
contribute to the degraded state of almost all of the Class 'A' 
Areas of Concern around the Great Lakes (IJC, 1983). In the overall 
effort to identify and control sources of pollution, contaminated 
bottom sediments warrant careful consideration since such material 
can directly contribute contaminants to overlying water, bottom 
dwelling organisms and fish that feed on these organisms. 


The monitoring of water provides information on transient phenomena, 
whereas sediments provide a long-term record of pollution. Many 
heavy metals and organic trace contaminants have a strong affinity 
for sediments, especially the fine-grained sediments such as silts 
and clays (Forstner and Wittmann, 1981). When contaminants enter 
the aquatic environment, they are adsorbed onto particulate matter 
with which they are transported and eventually deposited within the 
aquatic system. 


* In 1973 the Corps initiated a 5-year ($30M) program which 
resulted in over 250 studies designed to provide an understanding 
of processes and mechanisms associated with impacts from dredged 
material disposal. 


Most contaminants and contaminated sediments enter a lake via 
rivers, urban runoff (e.g. storm sewers) and municipal and 
industrial discharges. In the lake environment, coarse-grained 
material such as sand will settle out of the water column rapidly, 
while the finer material which carries the bulk of the contaminants 
will be transported over greater distances (Forstner and Wittmann, 
1981). 


The nearshore transport of sediments in a lake depends on waves and 
currents. In areas where the influence of these forces are minimal, 
such as in harbours, embayments, and the deeper portion of lakes, 
the material carried in suspension will deposit on the bottom. In 
some instances, deposition in these areas is temporary, and material 
can be resuspended and transported several times before coming to 
rest at a long-term depositional area. 

‘XN 
Studies to date have not clearly defined the fate of contaminants 
associated with bottom sediments in a lake, but they do point to 
various potential effects of such contaminants. Bottom dwelling or 
benthic organisms can take up the contaminants from the sediments 
through food and transfer these contaminants via the food chain to 
higher organisms such as fish. The process of desorption of 
contaminants from the sediments which releases them to the overlying 
water column, can occur as a result of physiochemical changes, in 
such parameters as Eh (oxidation - reduction potential) and pH. In 
some instances, sediment associated contaminants may adversely 
afffect benthic organisms (Rubinstein et al, 1980). 


The Ministry, through its 'Inplace Pollutants' program initiated in 
1983 and ongoing fish sampling program, is assessing the impacts of 
contaminants in Toronto Waterfront sediments on the aquatic 
ecosystem. This assessment which will form Part II of this report 
will include a review of pertinent literature and evaluation of the 
inplace pollutants data to determine the bioavailability of metals, 
levels of contaminants in benthic organisms and the relative ease 
with which metals can be released from sediments to the overlying 
water. This information will be available in 1985. 
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Background 


In 1974, the Ontario Ministry of the Environment (Wilkins, 
1974) released a publication documenting the physical and 
chemical characteristics of the Toronto Waterfront 
sediments. The purpose of the studies documented in that 
report was to determine the influence of various 
construction activities such as lakefilling and dredged 
material disposal on waterfront sediments. Subsequent to 
the 1974 publication the Ministry has periodically 
resampled the surficial sediments along the Toronto 
Waterfront area. 


The objectives of the various sediment quality assessments 
have been to examine the differences in sediment quality 
along the Toronto Waterfront. This is especially important 
in light of the numerous modifications, such as lakefill 
construction, to the Toronto Waterfront area. Any 
influence of these structures on nearshore lake circulation 
and the possible addition of contaminated material may 
result in changes in the nearshore sediment quality. 


This report summarizes sediment data gathered between 1976 
and 1983. The information is presented according to areas 
studied - Etobicoke Creek to Humber Bay; Toronto Islands 
and Eastern Headland; Toronto Harbour; and the Eastern 
Beaches to Highland Creek. Within these areas the data are 
presented according to the year in which they were 
collected. The intent is to present the data by 
delineating zones of varying degrees of contamination on 
maps by contouring the parameter concentrations. The 
guidelines for open water disposal of dredged material 
(Persaud and Wilkins, 1976) provide the basis for 
designating contaminated versus clean material. 


It must be pointed out that the guidelines relate mainly to 
the chemical quality of the sediment and it should not be 
construed that levels of parameters in excess of the 
guideline imply detrimental water quality or biological 
effects. Studies are currently underway to assess the 
biological and water quality impacts of various levels of 
contaminants in sediments. The findings of these studies 
to be published in 1985 will form Part II of this report. 


The potential sources of sediment contamination in the 
Toronto Nearshore can only be identified in a general way 
Since the hydraulic information needed to accurately 
quantify and trace the various inputs is unavailable. 
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CHAPTER 2 - GENERAL INFORMATION 


Location and Description of the Study Area 


The study area is located on the northwestern shore of Lake 
Ontario and covers the nearshore area of Toronto bounded by 
Highland Creek in the east; Etobicoke Creek in the west; 
the shoreline of the Toronto area (Toronto Harbour 
included) and roughly the 20 meter(m) depth contour on the 
lakeward side. See Figure 2.1 for the study area. 


Climate 


Toronto is located in the Great Lakes - St. Lawrence 
climatic region (Hare and Thomas, 1974). This zone, which 
is between 300 and 500 kilometers(km) wide stretching from 
Windsor to Quebec, is affected by combinations of Arctic, 
Pacific and Tropical Gulf air masses and the climate is 
therefore inherently variable. Prolonged periods of 
precipitation, drought, or extreme temperature fluctuations 


are unusual. 


The local climate of Toronto is basically continental, but 
is modified by the Great Lakes. Monthly precipitation 
totals do not vary greatly over the year, although summer 
totals are dominated by local convective storms rather than 
the cyclonic events which prevail throughout other seasons. 


Wave Climate 


The prevailing winds in the Toronto area are from the 
northwest (blowing offshore), southwest (blowing onshore) 
with other winds of significant duration from the east, 
west, northeast, southwest and southeast, respectively. 
With regard to the generation of waves along Toronto 
Waterfront, the most significant winds are those blowing 
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from the east. These winds blow over the maximum fetch 
(distance over which winds can blow unimpeded) of 
approximately 260km and generate the largest waves in the 
Toronto area. Other significant wave generating winds 
reaching the Toronto area are from the southeast, south and 
southwest. The storm season extends from November to April 
with calmer periods between May and October (Greenwood and 
McGillivray, 1978). 


Current understanding of the wave climate of the Toronto 
area is based primarily on the work of Fricbergs, (1970). 
He used the Sverdrup-Munk-Bretschneider (SMB) wave hindcast 
method and wind data from the Toronto Island Weather 
Station for the period between August 1948 and July 1964 to 
derive the frequency of occurrence of various size waves. 


Greenwood and McGillivray (1978) estimated significant wave 
periods for each of the significant wave heights studied by 
Fricbergs. This information is presented in Table 2.1. 
Figure 2.2 shows the significant wave roses for Toronto 
Waterfront. 


2.4 The Toronto Shoreline 


The present configuration of the Toronto shoreline is the 
result of approximately 150 years of continuing change 
(Figure 2.3). Existing waterfront and harbour facilities 
have, for the most part, been created through filling 
operations which first began in 1840. This first filling 
Operation was undertaken in an effort to create an 
esplanade approximately 100m out into the lake (CWPC*, 
1976). Toronto Island was originally the tip of a 
peninsula which joined the mainland at the eastern end of 
Ashbridges Bay immediately to the east of the Don River 
mouth. Although the peninsula was repaired after being 


*CWPC - Central Waterfront Planning Committee 


Table 2.1 - Average Hourly Wave Frequency per Year - by direction, 


significant heights (Hs) and significant periods (Ts) - 
for the Toronto Waterfront area 


Waves Average Hourly 
Approaching Wave Class H. (m) TT. (sec) Frequency 
From By H. (ft) per Year 
East 4- 5.9 1.5 6.8 6.7 
6- 7.9 Zel 7.4 10.9 
8- 9.9 Blew 8.1 9.3 
10- 11.9 3.4 8.7 2,5 
12- 13.9 4.0 9.3 0.4 
Southeast 4- 5.9 1,9 5.5 Oso 
6- 7.9 an) 3 1,5 
8- 9.9 (aPa 6 0.2 
South 4- 5.9 1.5 5.5 We 
Southwest 4- 5.9 1,5 5.2 36.3 
6- 7.9 2.1 6.0 4.6 
8- 9.9 a7, 6.6 0.4 
10- 11.9 3.4 723 oa 


Adapted from Fricbergs, 1965 - length of record: 16 years 1948 
(Aug. - Dec.) - 1964 (Jan. - July). 

H. (m) represents average values of the ie (ft) range. 
Greenwood and McGillivray, 1978. 
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breached by a storm in 1852, a break nearly 500m wide was 
left in place after another major storm in 1858. By 1882, 
erosion had widened this "East Gap" to about 1.5km and a 
1.3km breakwater was constructed across the eastern end of 
the harbour, separating it from Ashbridges Bay. A 2km dyke 
was also constructed along the southern shore of the 
Toronto Island ending at the west side of the East Gap 
which was narrowed to 150m. In.1892, the East Gap was 
further narrowed and stabilized to a width of 122m, a 
dimension which remained unchanged until it was enlarged to 
259m in 1973 and 1974 (CWPC, 1976). 


By the early 1900's, the natural "West Gap", the original 
sole entrance to the protected harbour, was no longer 
capable of accommodating the larger vessels which were in 
use on the lakes. Since it was underlain by bedrock and 
could not have its capacity increased through dredging, a 
new western channel was constructed. This channel, 122m in 
width, and located approximately 400m south of the original 
entrance, was completed in 1911 (CWPC, 1976). 


The year 1911 also saw the formation of the Toronto Harbour 
Commission which was established to modernize and 
industrialize the port. By 1912, this agency had produced 
a waterfront plan calling for extensive changes which were 
completed by the end of the 1930's. The following table 
Summarizes the timetable and activities (Table 2.2). 
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TABLE 2.2 - Implementation of Waterfront Plan 
(Adapted from CWPC, 1976) 


Year Construction Activity Along Waterfront 
1913 Harbour shipping channel dredged to 7.3m. Work 


commences on filling of Ashbridges Bay to create a new 
industrial area, shipping channel, and turning basin. 


1914 Don R. diverted away from Ashbridges Bay into the 
harbour via a new channel at the foot of Cherry St. 
(Keating Channel). 


1915, 1916 Area of Toronto Island increased through filling at 
Algonquin and Ward Islands. 


1917 33ha of the new industrial area now completed. 


1921, 1922 Existing central harbourfront shoreline constructed 
(between Bay and Simcoe Streets). 87ha added to 
waterfront west of harbour. 226ha of industrial area 
completed. Shipping channel and turning basin 
Operational. 


1925 Construction of breakwater from West Gap to Humber 
River. 
1929 Construction of bridge over shipping channel. 


Completion of further 82ha of industrial area. 


1933 Sunnyside beach established (also referred to as the 
Western Beaches). 


1937-1939 Filling to create additional land for Island Airport. 


(No major filling activities were initiated in the 1940's although 
maintenance filling was performed). 


a8) 


Recent Shoreline Modif ications 


In 1960, the Toronto Harbour Commission began a fill 
project at the foot of Leslie Street which continues 

today. The original rationale for the undertaking was to 
create additional harbour space through construction of a 
protective spit extending into the lake in a southwesterly 
direction. This "Eastern Headland" (also referred to as 
the "Leslie Street Spit") was later modified to include the 
construction of an "Aquatic Park" through additional 
filling on either side of the original spit. The 
additional harbour space is known as the "Outer Harbour". 


The Eastern Headland now extends about 5km into the lake 
and has been constructed primarily from building demolition 
rubble and excavation material. The Aquatic Park fill 
consists chiefly of material hydraulically dredged from the 
East gap during the widening and deepening which took place 
in 1974 and 1975. In 1979 construction of an endikement on 
the southern side of the spit was undertaken specifically 
for the disposal of Inner Harbour dredged material. This 
latter project is still in progress. Between 1956 and 
1982, the following totals of fill had been placed in 
construction of the headland, park, and endikement: 
17,037,554 m> of trucked fill and 8,034,912 m° of 

dredged material, for a total of a 25,072,466 m>, 
Approximately 188ha of new land has been created over the 
project life (THC, 1983). 


During the 1970's, three lakefill parks were constructed by 
the Metropolitan Toronto and Region Conservation Authority 
(MTRCA). At Humber Bay, 45ha of land was created through 
the addition of about 5 x 10° m? of trucked fill from 
construction sites. The Ashbridges Bay lakefill at the 
foot of Coxwell Avenue is about 17ha requiring about 

1 x 10° m> fill and at the foot of Brimley Road, 30ha of 
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2.6 


land formed the Bluffers Park lakefill which required about 
dae 10° m° of trucked fill. A fourth major 

recreational lakefill project, the Col. Samuel Bois Smith 
lakefill, is currently underway at the foot of Kipling 
Avenue in the Borough of Etobicoke. 


Bathymetry of the Toronto Nearshore Area 


The shoreline in the vicinity of the Toronto Harbour is low 
and is composed predominantly of geologically recent sand 
and silty-sand deposits. Historically, these deposits were 
derived from the erodible Scarborough Bluffs approximately 
8km to the east of the harbour (the intersection of 
existing and Iroquois shorelines). Prior to the extensive 
modification of the natural shoreline, material was 
transported toward the Harbour from the northeast by the 
prevailing nearshore currents. This material was deposited 
in the region of the future Harbour forming an extensive 
Spit and combining with sediment delivered by the Don River 
to create the Ashbridges Bay marsh and the shallow natural 
harbour (Lewis and Sly, 1971). 


Progressing from the Toronto Island out into the lake, the 
Significant bathymetric features encountered are the 
"Toronto Shelf", the "Toronto Scarp", the "Offshore Rises" 
and the "Niagara Basin" (Lewis and Sly, 1971). (See Figure 
2042) 


The Toronto Shelf slopes gently out from the Toronto Island 
Shoreline until the 30m depth contour, a distance of 
approximately 2.5km. Further to the northeast, in the 
vicinity of the Scarborough Bluffs, the feature broadens to 
about 4 km, while to the southwest it diminishes rapidly. 
In general, the contours of the shelf closely parallel the 
existing shoreline which, in combination with sediment 
composition, suggests that it has developed from littoral 
erosion over the last several thousand years (Lewis and 
Sly 19/144 
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The southern extremity of the shelf is delineated by the 
Toronto Scarp. In the vicinity of this major 
discontinuity, depth increase from 30m at the edge of the 
shelf to 60m at the foot of the scarp with slopes reaching 
1:6, although gradients of about 1:10 are more usual. 

These slopes are in marked contrast to the general regional 
gradients of between 1:150 and 1:200 and are thought to be 
primarily an erosional feature since bedrock and glacial 
and post glacial deposits are believed to outcrop in the 
scarp face (Lewis and Sly, 1971). 


Progressing further out into the lake the presence of 
Slight, anomalous rises have been reported (Lewis and Sly, 
1971). These Offshore Rises appear to vary in width from 
30m to 300m and in height from 1.0 to 2.4m. It is 
postulated that they are the result of a shear zone between 
the relatively high velocity nearshore current and the low 
velocity, deep-water basin current (Lewis and Sly, 1971). 


The Niagara basin, the westernmost of the four sub-basins 
within the major lake Ontario basin, lies between 10 and 15 
km offshore from the Toronto Waterfront area. Opposite the 
Toronto Island, it lies about 13km offshore. 


Sediment and Potential Contaminant Sources 


Toronto Nearshore 


Toronto nearshore sediments are derived mainly through 
shoreline and bluff erosion, stream discharges and urban 
discharges. The major source of the Toronto nearshore 
sediments appears to be the shoreline and bluff erosion 
(Rukavina, 1976). With respect to contaminants, the bluff 
material is relatively clean compared witn sediments from 


other waterfront sources. 
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Stream discharge represents the second major source of 
sediment to the waterfront. Etobicoke Creek, Mimico Creek, 
Humber River and Highland Creek discharge to the nearshore, 
while the Don River discharges into the Toronto Harbour. 
Information on the chemical quality of sediments in Toronto 
area streams are becoming available through an extensive 
Waterfront study conducted by the provincial and local 
governments. Many of these streams receive direct and 
indirect urban discharges which would result in varying 
degrees of sediment contamination. 


The third major source of sediment and the major source of 
contamination to the Waterfront appears to be sewage 
treatment plants (STP) and storm sewer discharges. Figure 
2.5 shows the various discharges along the Toronto 
Waterfront. The STP's discharging to the Toronto 
Waterfront include the Humber STP, Toronto Main STP and 
Highland Creek STP. Environment Canada (1981) estimated 
the solids loadings from the Toronto area STP's to be about 
6,643 tonnes/year and 11,600 tonnes/year from combined 


sanitary and storm sewers. 


The contaminant load is not unexpected since much of the 
material in these discharges are fine particulates which 
have high surface area to volume ratio and, therefore, can 
adsorb proportionately more metals and organic contaminants 
originating from urban sources,compared with coarse grained 


sediment. 
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Toronto Harbour 


Sediment production in the drainage basin results partly 
from erosion of agricultural land in the headwater region, 
and mainly from the urbanized area to the south. Within 
the metropolitan region, there are a variety of potential 
sediment sources, with construction activity and instream 
erosion being the most probable major contributors. The 
general correlation between construction activity and 
sediment production is illustrated in Figure 2.6, which 
displays the annual totals of material dredged from the 
mouth of the Don River (the Keating Channel) for the period 
of 1950 to 1974. Those years in which major construction 
projects were undertaken within the river valley have been 
indicated. 


Contaminants reaching the Toronto Harbour by means of the 
Don River originate from both point and non-point sources 
and can be grouped as: nutrients (e.g. nitrogen, 
phosphorous), trace metals (e.g. copper, lead, mercury) and 
organics (e.g. volatiles, oil and grease and PCB's). 


The most significant point source within the basin is the 
North Toronto STP located approximately 2km downstream from 
the confluence of the East and West branches of the Don 
River. In addition to its direct discharge to the Don 
River, it is connected to the Main STP at Ashbridges Bay, 
immediately east of the Harbour. Non-point sources include 
diffuse urban storm runoff and atmospheric deposition. 


Nutrient levels in the Don River result from both 
agricultural runoff in the northern portion of the basin 
and from the input of treated domestic and industrial waste 
at the North Toronto STP. Trace metal sources include 
treated domestic and industrial waste, urban runoff, and 
atmospheric deposition. Organic contaminant levels can be 
attributed to accidental spills, and treated domestic and 
industrial waste. 
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There are a number of abandoned landfill sites within the 
Don River basin, however, there is no evidence that they 
are contributing to basin contaminant loadings. 


Dredging 


Dredging in the port of Toronto has been undertaken both by 
the Public Works Canada (PWC) and the Toronto Harbour 
Commission (THC). The main shipping channels and harbour 
area fall under the jurisdiction of the former while the 
Slips and approach channels are the responsibility of the 
latter. The main harbour channel through the Outer Harbour 
and the East Gap is presently maintained at a depth of 
8.8m, as is the lakeward channel from the West Gap. The 
main shipping area and the West Gap are maintained at 8.2m. 


The Keating Channel was dredged by the THC on an annual 
basis between 1920 and 1974. Over this period the maximum 
volume dredged was 173.5 x 10° m> within the 1960's; 

the average for the years 1952 to 1972 was approximately 
88.5 x 10° m? (THC, 1975). This material was disposed 

of in the open lake and in construction of the Eastern 


Headland. 


During 1973 and 1974, the Outer Harbour and East Gap were 
dredged in order to expand the port facilities and make the 
East Gap the main harbour entrance, as mentioned in the 
shoreline modifications section. Approximately 6.5 x 10° 
m> of sandy material were hydraulically dredged and used 

to construct the 66ha Aquatic Park. Since 1975 maintenance 
dredging for navigation purposes has been undertaken at the 
northeastern corner of the Inner Harbour (westward from the 
Cherry Street bridge) and along the waterfront slips. The 
quantities of material dredged for the years 1975 to 1983 
and placed in confined disposal facility are given in Table 


out 
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TABLE 2.3 - Inner Harbour Dredged Volumes 


Year Volume (m3) 
1975 44100 
1976 - 
1977 3662 
1978 13341 
1979 3392 
1980 43040 
1981 102875 
1982 73101 
1983 28095 
Total 311606 


(THC, 1983) 
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Sediment Transport 


The primary energy source for nearshore sediment transport 
in the Great Lakes is wind. Winds that blow over the water 
generate waves and currents and the greater the distance of 
Open water over which the wind can blow (referred to as 
fetch) the larger the waves generated. The longest fetch 
for the Toronto Waterfront is from the east (about 260km). 


Wave action is responsible for suspending bottom material 
into the water column and eroding beach material. The zone 
of major interest with regard to material movement in the 
nearshore is the "littoral zone" and the material 
transported is referred to as "littoral drift". There are 
three basic ways in which material is moved in the littoral 
zone. The first is material known as beach-drift which is 
moved up and down the shoreline in a zigzag fashion with a 
net forward movement in the direction of the waves. Waves 
that break at an angle to the shore generate longshore 
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currents that move material in suspension and as bedload. 
Finally, in some locations a "rip cell" circulation may be 
established which generates longshore and offshore currents 
again transporting material in suspension and as bedload. 
Generally, the observed transport is a result of the 
complex interaction of oscillatory flows, due to waves and 
unidirectional flows. 


Although littoral drift may move in different directions 
depending on the direction of the wave approach, there is a 
net drift in a given direction over time. In the Toronto 
area, the net littoral drift is from the east to west. 

Over the years, this process has resulted in the formation 
of the Toronto Island from sediment derived from the 
Scarborough Bluffs (Fricbergs, 1970). 


Most studies on littoral transport in the Toronto 
Waterfront have not considered the effects of the Eastern 
Headland which now occupies a significant portion of the 
littoral transport zone. It is, therefore, not clear how 
the structure might have modified the littoral process in 
the vicinity of Toronto Island over the last few years. 
Between the years 1966 and 1969 when the Eastern Headland 
occupied considerably less of the nearshore zone, it was 
noted that the structure was impeding currents to the east 
(Simpson and Rodgers, 1970). 


The littoral transport process is very noticeable in that 
portion of the waterfront east of Toronto Island where 
eroding bluff material provides a major source of 

material. It is generally felt that much of the fine 
material originating from Scarborough Bluff is carried 
offshore while some of the sandy material is carried as far 
west as Gibraltar Point on Toronto Island. Some of the 
sandy material passes Gibraltar Point where it comes under 
the influence of waves from the southwest. As a result, 
Some material is transported in a northerly direction along 
the west side of the Toronto Island (Lewis and Sly, 1971). 
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Further evidence of the westward drift of bluff material 
can be found on the updrift (eastern) side of structures 
such as the Bluffers and Ashbridges Bay Lakefill Parks 
where large quantities of littoral sand have been 
intercepted. The littoral process is not very evident west 
of Humber Bay where the stable shoreline does not provide 
littoral drift material. 


Areas of the nearshore subjected to direct wave and current 
action are normally free of fine-grained material. The 
sediments in Humber Bay and the small embayments such as 
Ashbridges Bay and areas in the lee of lakefills are not 
directly subjected to the forces of the larger easterly 
waves and the bottom, as a result, consists of a large 
portion of fine-grained materials such as silts. 


The physical and chemical characteristics of the surficial 
sediments of Humber Bay are influenced by material brought 
into the Bay by Humber River, Mimico Creek and the STP and 
storm sewers. Humber Bay has been described as a 
"bathymetric trap" in which most of the sediments a 
discharged by the various sources remain in the Bay (Lewis 
and Sly, 1971). Because of the relatively great depths and 
major influence of southwest waves, much of the material in 
the Bay are likely to remain there long after they are 
deposited. 


A comparison of recent studies, such as Rukavina (1968) and 
Lewis and Sly (1971), with a study carried out by Kindle 
(1925), shows that the physical characteristics and 
distribution of Humber Bay sediments have changed little 
over the past 50 years. See Figures 2.7, 2.8 for 
Rukavina's and Kindle's bottom type maps, respectively. 


Harbour Circulation 


Recent estimates of the dimensions of the Inner Harbour 
indicate a water surface area of 4.8 x 10° mé, a water 
volume of 4.1 x 10’ m? 


(MOE, 1978). 


and an average depth of 8.5m 
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In general, the net circulation in Toronto Harbour is 
consistently from west to east with a net inflow through 
the West Gap and a net flow outward through the East Gap 
(CWPC, 1976 and MOE, 1978). The exchange of water in the 
Inner Harbour depends primarily on the following: 


~ inflow and outflow through the West and East Gaps; 

- inflow from the Don River; 

- inflow from waterfront combined and storm sewer 
discharges; 

- direct precipitation and evaporation; 

~ withdrawal of cooling water from the Inner Harbour and 
subsequent discharge into the Outer Harbour by the 
Hearn Generating Station (located at the eastern end 
of the Shipping channel) (when plant is in operation). 


These components are identified in Figure 2.9. Flow 
through the gaps will be influenced by various factors 
including seiches, local winds and ship traffic. Input 
from the Don River and sewer discharges will reflect the 
hydrologic characteristics of the area and can be expected 
to closely follow precipitation events. 


Various estimates have been made regarding the net daily 
exchange of Inner Harbour water employing measurements of 
the magnitude of flow from the above sources (CWPC, 1976 
and MOE, 1978). Indications are that the harbour, in 1975, 
had a net daily exchange equal to approximately 10% of the 
Inner Harbour volume, and hence a residence time of about 
10 days. Inflow from the Don River was estimated to 
represent approximately 1% of the Inner Harbour volume 
while outflow through the Hearn G.S. equalled about 6% of 
the Inner Harbour volume. The recent reduction in use of 
the Hearn G.S. may, therefore, have a significant effect on 
the exchange of Inner Harbour water. 
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Water quality in the harbour will be a reflection of 
contaminant levels in the various inflows (i.e. the Don 
River, combined and storm sewer discharges). The high 
degree of contamination associated with certain outfalls 
along the harbour waterfront, particularly the Yonge Street 
and Simcoe Street slips, is modified by their intermittent 
flow pattern and small discharge relative to the total 
harbour volume. As a result, despite fluctuations in Don 
River water quality, contaminant levels in the Inner 
Harbour remain relatively stable (MOE, 1977). The limited 
exchange between the Inner Harbour and the open lake means 
that water quality is poorest in the Inner Harbour and 
highest in the open lake, with Outer Harbour quality 
ranging between the two depending on prevailing winds, 
nearshore currents and outflow from the Hearn G.S. 


Bottom Types Along the Toronto Waterfront 


In general, bed material on the Toronto Shelf is composed 
of sand and silty-sand offshore from the Toronto Island, 
with a progressively larger fraction of coarse material to 
the northeast. Silty-clays and muds characterize the 
bottom between the Toronto Scarp and the Niagara basin, and 
in the eastern portion of Humber Bay (immediately to the 
west of the Harbour) while shale bedrock is exposed to the 
west of Humber Bay (CWPC, 1976). 


The most comprehensive survey of the bottom types along the 
waterfront was carried out by Rukavina (1968) who mapped 
the distribution of bottom types (Figure 2.7). The first 
major attempt to characterize the sediment quality along 
the waterfront was undertaken by Wilkins (MOE 1974). That 
study found that the characteristics of the surface 
sediments in the vicinity of lakefilling activities were 
being modified. Sandy bottoms were covered by silt and 
clay material. 
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2.12 


The nearshore sandy sediments in the area around Toronto 
Island remained largely unchanged by construction 
activities, (Wilkins, 1974). Progressing lakeward and 
roughly from the 30n depth contour where the effects of 
wave generated currents were less pronounced, fine 
particles settled to form an "organic clay and silt 
covering". Humber Bay was characterized by silty sediments 
except in water depths shallower than 10m where sands 
predominated. Sediments in the inner portion of Ashbridges 
Bay were a mixture of heavily contaminated sand, silt and 
Clay, which became progressively cleaner lakewards with 
clean sand at the lakeward limit of the Bay (Wilkins, 1974). 


Wilkins also found the Keating Channel sediment to be 
progressively worse from the Don River mouth to the Cherry 
Street bridge, grading from clean sand to organic 
silty-clay ooze. It was found that contaminants were 
generally in higher concentration in recent silts and clays 
than in sand or glacial age clay till (Wilkins, 1974). 


Waterfront Use 


Aside from the use of its port and terminal facilities, the 
Toronto Waterfront supports a variety of other uses, most 
notably water supply, waste disposal and recreation. 
Several water filtration plants (WFP) draw water from the 
Take while a number of sewage treatment plants (STP) and 
storm sewers discharge into the lake (Figure 2.5). 
Recreational use of the area is intensive and consists 
chiefly of boating, swimming, and fishing. 


Various port and terminal facilities are associated with 
Toronto Waterfront industries. Bulk terminal facilities in 
the Port of Toronto are operated by 29 private commercial 
companies and include grain elevators, coal docks, dry bulk 
cargo docks (e.g. cement, scrap metal, sand, salt, sugar ), 
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and liquid cargo docks (e.g. calcium chloride, 
petrochemicals, molasses, vegetable oil). The shipping 
season averages 250 days from April through mid December 
(THC, 1980). 


Degradation of water quality by industrial effluent is not 
an apparent problem since all industries within the area 
discharge their processed effluent to the municipal 
sanitary collection system. Only cooling water is 
discharged into the harbour and no significant adverse 
effects have been discovered (CWPC, 1976). The discharge 
of contaminants in urban runoff, particularly oi! and 
greases from the railway yards and industrial or commercial 
areas immediately to the north of the waterfront, does 
result in localized contaminant loadings to the harbour. 
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CHAPTER 3 - SURVEY PROCEDURES 


Sediment surveys were carried out along the Toronto Waterfront, 
including the Toronto Harbour, between 1976 and 1983. A particular 
section of the Toronto Waterfront was sampled each year to obtain 
maximum coverage of the Waterfront as it was not practical to 
complete the entire study in a single season. The procedures 
Outlined below are reported according to the year the study was 


conducted. 


oon 


cys 


MOE 1976 Sediment survey 


The 1976 survey covered both the Inner Harbour and Outer 
harbour. Surficial sediment samples were collected with a 
Shipek grab sampler. Sampling stations were preselected 
(Figure 3.1) to provide a wide coverage of the study area. 
The stations (92 stations) were positioned in the field 
with the aid of marine radar. 


Upon obtaining a sample, the top few centimeters 
(approximately 3cm) were placed in precleaned wide-mouth 
glass jars. Samples for PCB and pesticide analyses were 
placed in solvent rinsed glass jars with foil lined lids. 
Sample jars were then appropriately labelled and stored in 
a cooler. At the end of each day that samples were 
collected, they were delivered to the MOE laboratory. 


Samples were analyzed for loss on ignition, total 
phosphorus, total Kjeldahl nitrogen, chromium, copper, 
mercury, lead, zinc, nickel, oil and grease (Solvent 
extractables) and PCB's. 


MOE 1977 Sediment Survey 


In 1977, an effort was made to determine the variation in 
sediment type and quality relative to sediment depths in 
the Inner and Outer Harbour. Diver-retrieved cores were 
taken at 12 locations, Figure 3.2. The cores were taken 
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3.3 


3.4 


oh) 


with plexiglass tubing about 6 cm in diameter and a meter 
long. The hand-held cores were pushed into the sediment by 
the diver who then capped the bottom of the core and 
returned it to the surface. The top 20 cm were later 
sectioned at 5cm intervals and analyzed for particle size, 
loss on ignition, mercury, lead and zinc. 


MOE 1978 Sediment Survey 


In 1978, an extensive survey of the Toronto Island lagoons 
and waterways was carried out. Diver-retrieved cores were 
taken at 28 stations around the islands and 8 stations in 
the area along the waterfront of the harbour (Figure 3.3). 
The top 5cm of each core was analyzed for particle size, 
loss on ignition, total phosphorus, total Kjeldahl 
nitrogen, chromium, copper, mercury, lead, zinc, nickel, 
oil and grease (solvent extractables), and PCB's. 


MOE 1979 Sediment Survey 


In 1979, a comprehensive sediment survey of Humber Bay was 
carried out. Samples were collected with a Shipek grab 
sampler for 40 stations located in the bay (Figure 3.4). 
Samples were analyzed for particle size, loss on ignition, 
total phosphorus, total Kjeldahl] nitrogen, chromium, 
copper, mercury, lead, zinc, cadmium, total organic carbon, 
oil and grease (solvent extractables) and PCB's. 


MOE 1980 Sediment Survey 


The Keating Channel was surveyed in 1980 (Figure 3.5). 
Diver-retrieved core samples were taken at 8 stations and 
the top 10cm were analyzed for particle size, loss on 
ignition, total phosphorus, total Kjeldahl nitrogen, 
chromium, copper, mercury, lead, zinc, iron, aluminum, 
nickel, oil and grease (solvent extractables) and PCB's. 
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MOE 1982 Sediment Survey 


In 1982, an extensive survey was carried out covering the 
entire Waterfront from Highland Creek in the east to 
Etobicoke Creek in the west and lakeward to the 20m depth 
contour. The purpose of the study was to determine whether 
any significant changes in sediment quality had occurred 
along the Toronto Waterfront since the 1976 survey. 
Twenty-five surficial samples were collected with a Shipek 
grab sampler (stations 2111-2135). In addition to the 
extensive survey, an intensive diver reconnaissance survey 
was conducted. The stations(144) sampled were located 
between the Toronto Island Filtration Plant and the R.C. 
Harris Filtration Plant. The divers were instructed to 
collect roughly the top 3cm of sediment by pressing a wide 
mouth glass jar into the sediment and capping it 
underwater. A visual description of the lake bottom at 
each station of the diver survey was provided. (See 
Appendix A). 


The sediments were analyzed for particle size, loss on 
ignition, total phosphorus, total Kjeldahl nitrogen, total 
organic carbon, arsenic, cadmium, chromium, copper, 
mercury, lead, zinc, solvent extractables (oi1] and grease ) 
and PCB's. See Figures 3.6A, B, C, for station locations 
for the extensive survey and the intensive diver survey. 


MOE 1983 Sediment Survey 


Sediment samples were collected behind the Humber Bay 
breakwall with an Ekman grab sampler in 1983. Fifteen 
stations were sampled between the Humber River mouth and 
the Boulevard Club (Figure 3.7). The analyses consisted of 
particle size, total phosphorus, total Kjeldahl nitrogen, 
total organic carbon, loss on ignition, cadmium, chromium, 
copper, lead, zinc, solvent extractables and PCB's. 
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3.8 


3.8(1) 


Seale) 


3. 8(3) 


Laboratory Procedures 


Analyses of the samples for the seven sediment surveys 
described earlier were carried out by the MOE's laboratory 
according to the MOE standards documented in the Outlines 
of Analytical Methods (MOE 1981). All parameters are 
expressed on a dry weight basis unless stated otherwise. 
The following is a brief description of the laboratory 
procedures employed by the MOE for the parameters studied. 


Particle Size (%) 


Several methods are used when determining particle size. 
Sieving is carried out to separate the sand fraction and 
coarser material. The hydrometer is used to differentiate 
between the silt and clay fractions by measuring changes in 
density of a suspension in a sedimentation cylinder. The 
hydrometer works on the principle of Stokes Law - density 
changes can be related to the settling velocity of the 
particles (MOE, 1981). 


Total Phosphorus (mg/ 


All phosphorus is converted to the inorganic form by 
digestion in hot sulphuric acid and the addition of 
potassium persulphate. The parameter is measured 
colorimetrically, using the ammonium molybdate-ascorbic 
acid Auto Analyzer method (MOE, 1981). 


Total Kjeldahl Nitrogen (mg/g) 


The sample is pretreated by digesting with sulphuric acid, 
mercuric oxide and potassium sulphate. Analysis is 
conducted colorimetrically using the alkaline phenol 
hypochlorite method adapted to an Auto Analyzer (MOE, 1981). 
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3. 8(4) 


3.d(9) 


3.8(6) 


3.8(7) 


Metals (ug/ 


The procedure used in determining metal concentrations is a 
total digestion. Samples are digested in a 1:3 mixture of 
nitric acid to hydrochloric acid on a hot plate overnight. 
Analysis is by atomic spectroscopy (ICAP or AAS) (MOE, 
1981). 


PCB's (ng/g) 


Samples are dried, concentrated and the analysis is carried 
out by electron capture gas chromatography. To determine 
the concentration of the PCB's separately from 
organochloride pesticides, the sediment sample undergoes 
Florisil column chromatography(MOE, 1981). 


Solvent Extractables (ug/ 


The test is often referred to as oil and grease. Selected 
solvents are used to extract the organic extractable 
material. Identification of the organic compounds is 
carried out by chromatography(MOE, 1983). 


Total Organic Carbon(TOC) (mg/g) 


TOC is detetermined by first analyzing for total and 
inorganic carbon. The difference between the two values 
gives TOC. The total carbon value is obtained by producing 
carbon dioxide in a high temperature combustion tube . 
Inorganic carbon is measured by producing carbon dioxide in 
a low temperature acid decomposition tube. Both are 
measured in the non-dispersive infra-red analyzer (MOE, 
1983) . 
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3.8(8) Loss on Ignition(%) 


The samples are ignited at 600°C for one hour. Loss on 
ignition can be defined as oxidation of carbon and 
hydrogen, the escape of water of hydration, volatilization 
of inorganic ammonium salts, decomposition of magnesium 
carbonates and the loss of other materials which are 
volatile or decomposable below 600°C(MOE, 1981). 
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CHAPTER 4 - RESULTS 


The sediment data obtained during the various surveys along the 
Toronto Waterfront are presented on the following pages in the form 
of tables and contoured maps. The results are arranged according to 
the following areas: 


~ Humber Bay to Etobicoke Creek 

- Toronto Island and Eastern Headland 
- Toronto Harbour 

- Eastern Beaches to Highland Creek 


Within these areas the results are presented according to the year 
in which the surveys were carried out. 


A Synagraphic - mapping program (SYMAP - computer mapping program), 
(Dougenik and Sheehan, 1976) was used to contour the concentrations 
of the parameters measured. The contour maps display data by 
interpolating a continuous surface based on distance and the values 
of the neighbouring data points. 


The MOE numerical Guideline for Open Water Disposal of Dredged 
material is noted for each of the parameters mapped. The guideline 
is used as an indicator of the degree of chemical contamination, and 
parameter values in excess of the guidelines do not necessary imply 
that the parameter will have biological or water quality impacts. 

An interim guideline of 10mg/g for total organic carbon applies to 
the nearshore area of Lake Ontario. 


As a convenient guide, the following scheme can be used to 
categorize the data. 


- Sediment with parameter values less than the respective MOE 
guideline can be considered clean; 


- Values above the guidelines can be considered contaminated; 


~ Values in excess of two times the guidelines are highly 
contaminated. 
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4.1 Humber Bay to Etobicoke Creek 


4.1A 1979 Sediment Survey (see Table A.1 in the Appendix) 


In 1979, the characteristic sediment type found in Humber 
Bay was fine material such as silts and clays (Figure 
A.l-1). This material was found mainly in the central 
portion of the bay, especially around the Main Sewage 
Treatment Plant (STP) outfall. A strip of coarse material, 
j.e. sand, was identified along the shoreline on the west 
side of Toronto Island and continuing over to Sunnyside 
Beach. 


There appears to be the characteristic association between 
sediment type and quality in the area. The fine material 
around the Humber STP (e.g. at stations: 330, 331, 332, 
334, 335, 330, 347, 336, 337) was contaminated based on 
loss on ignition, nutrients, metals, solvent extractables 
and PCB's. In contrast, the coarse sediment at stations 
close to shore (e.g. 333, 338, 339, 343, 344) and in the 
western part of the bay (e.g. 327, 328) was clean. See 
Figures A.1-2 to A.1-13 for sediment quality in Humber 
Bay. The inner portions of the bay were contaminated and 
the sediments around the STP were greatly contaminated. A 
gradual increase in contamination was observed from the 
shore in a lakeward direction to the 20 meter depth 
contour. Pockets of highly contaminated sediments existed 
in the central areas of the Bay (e.g. 358) as shown on the 
contour maps. 


4.1B 1982 Sediment Survey (see Table A.2 in the Appendix) 


The 1982 sediment survey concentrated on the inner portions 
of Humber Bay. The results showed a similar distribution 
as the 1979 survey of predominantly fine sediments (see 
results for Stations 2114, 2116, 2117, 2118, 2119 in Table 
A.2 and Figure A.1-14). (Station locations are shown in 
Figure 3.6A). These stations showed levels of nutrients, 
metals, solvent extractables and PCB's comparable to the 


1979 survey. 
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4.1C 


The only two stations in Humber Bay with sandy sediments, 
were 2113 and 2115 and these were located close to the 
lakefill which means that the sediment might have been 
material from the toe of the structure. Station 2115 may 
also be influenced by material from Mimico Creek. The 
sediment at these two stations was, however, contaminated 
with elevated levels of metals, and solvent extractables 
(see Table A.2 in the Appendix). 


The sediment at two stations sampled near the mouth of 
Etobicoke Creek (2135, 2111) was a mixture of sand, silt 
and clay. Sediment at station 2135 (nearest to the creek 
of the two stations), had high levels of nutrients, metals 
and oil and grease. These levels were comparable to the 
less contaminated sediments in Humber Bay. The sediment 
from station 2111 was low in nutrients but had elevated 
levels of metals and oi] and grease. 


1983 Sediment Survey (see Table A.3 in the Appendix) 


In 1983, sediment samples were collected from behind the 
Humber Bay breakwall. The sediment at stations nearest the 
Humber River (e.g. Stations Humber A, B, T1A, T1B) and at 
stations closer to the Boulevard Club (e.g. Stations T7B, 
T9A, T9B) was comprised mainly of clean sands (Figure 
A.1-15). 


The sediments at the remaining stations between the Humber 
River and Boulevard Club were mainly silt with small 
amounts of sand and clay. These sediments had elevated 
levels of phosphorus, cadmium, copper, chromium, lead, 


2 zinc, oi] and grease and PCB's. 
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4.2 


Toronto Island and Eastern Headland (see Table A.4 in the 
Appendix) 


In 1982, the stations sampled along the Toronto Island and 
south and east of the Eastern Headland consisted mainly of 
sand (Figure A.2-1). Fine silty material was observed in 
the deeper portions of the Outer Harbour, in the second 
cell of the Eastern Headland containment facility and in 
pockets along the east side of the Eastern Headland. 


The sediment type in the study area had a significant 
bearing on sediment quality in that, the sandy material was 
relatively uncontaminated while the silty material showed 
moderate degrees of contamination (Figures A.2-2 to 
A.2-13). The Outer Harbour sediments were contaminated 
with respect to phosphorus, metals (except mercury), 
solvent extractables and PCB's at stations 2277, 2280, 2283 
and 2284. Stations 2242, 2260, 2259, 2254 and 2192, close 
to the headland, also had elevated levels of these 
parameters. Contaminated levels of mercury was observed at 
stations 2127 in Ashbridges Bay and at 2259 and 2254 at the 
Eastern Headland. 


Sediments in the areas south of the Toronto Island, east of 


the headland towards the 20n depth contour and along the 
Shoreline of the Outer Harbour were relatively clean. 
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4.3 


Toronto Harbour 


1976 Sediment Survey (see Table A.5 in the Appendix) 


During the 1976 sediment survey, both the Inner and Quter 
Harbour were sampled. The results showed the sediment to 
have varying degrees of contamination (Figures A.3-2 to 
A.3-12) e 


The Inner Harbour sediments showed high levels for loss on 
ignition, nutrients, metals, solvent extractables and PCB's 
in the slips and throughout the waterways between the 
islands. The Keating Channel (located at the mouth of the 
Don River) sediments showed slightly contaminated levels of 
phos phorus and some metals such as copper, chromium, lead, 
nickel and zinc. 


The Outer Harbour sediments were contaminated with some 
metals.(some of the 1976 sediment stations are now covered 
by the Aquatic Park Area of the Eastern Headland). 


Stations near the shore (e.g. 1388, 1391, 1411, 1387, 1390, 
1391, 1393) and station 1412 in the approach channel, 
showed very low levels of metals. The other stations in 
the middle of the approach channel (e.g. 1386, 1389, 1392, 
1395) showed elevated levels of metals except for mercury 
which was below the MOE Guideline. In general, the 
sediment in the Inner Harbour was contaminated to a greater 
extent when compared to the Outer Harbour. 
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4.3B 


4.3C 


4.3D 


1977 Sediment Survey (see Table A.6 in the Appendix) 


The sediments in the Inner Harbour (e.g. 1360, 1364, 1366, 
1383, 1379, 1403) were mainly fine material which greatly 
exceeded the MOE Guidelines for loss on ignition, mercury, 
lead and zinc (Figure 3.1). The Outer Harbour sediments 
(e.g. 1393, 1394, 202, 1417) were clean, coarse material. 
Stations off the Toronto Island (e.g. 1536, 1539) consisted 
of fine but uncontaminated sediments. The results obtained 
were similar to the extensive 1976 Toronto Harbour survey 
in that the Inner Harbour sediments consisted of fine, 
highly contaminated material while the Outer Harbour 
sediments were coarser and cleaner. 


1978 Sediment Survey (see Table A.7 in the Appendix) 


The sediment quality varied considerably among stations. 
High levels of total Kjeldahl nitrogen, metals, solvent 
extractables and PCB's were noted at some stations. 
Generally, the slips were highly contaminated for all the 
parameters measured. Those stations in the waterways 
between the islands showed moderate degrees of 
contamination. 


1980 Sediment Survey (see Table A.8 in the Appendix) 


The 1980 survey covered the Keating Channel. The sediment 
consisted of clean, sandy material at the stations nearest 
the Don River (e.g. 1379, A, B, C) (Figure A.3-13). The 
stations close to the harbour (e.g. E, 1375, 1376, 1369) 
consisted of fine, silty sediments with levels of 
phosphorus, chromium, copper, lead, zinc, iron, solvent 
extractables and PCB's that slightly exceeded the MOE 
Guidelines. 
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4.4 


Eastern Beaches-1982 (see Table A.9 in the Appendix) 


The sediment along the eastern beaches sector was coarse 
sandy material which was found to be relatively clean at 
all stations (Figure A.4). Exceedingly small elevations in 
phosphorus levels over the MOE guideline were noted at a 
few stations. These isolated pockets are most likely 
temporary deposits that reflect the influence of the Main 
STP discharge in this area. Elevated levels in solvent 
extractables at stations 2197, 2210, 2212, 2220 and arsenic 
at station 2200 were also noted. These stations are 
suspected to be in depressions where localized deposition 
occurs. 


Sampling was also conducted near Scarborough Bluffs and 
Highland Creek. The Scarborough Bluff stations consisted 
of coarse, clean, sandy sediments. The sediment station 
located at the mouth of Highland Creek was slightly 
contaminated with solvent extractables(oil and grease). 


(Because the sediment within the Eastern Beaches - Highland 


Creek sector is relatively clean, the parameter values are 
not mapped.) 
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CHAPTER 5 - DISCUSSION 


Humber Bay 


There do not appear to be any marked changes over time in 
sediment type or quality in Humber Bay based on MOE Survey 
results between 1979 and 1982. 


The surficial sediment in the deeper, central portions of 
the bay consist primarily of fine material with coarser 
material near the shoreline of the bay. The portion of 
Humber Bay bordering on Toronto Island consists of clean 
sands which form a narrow band that extends northward to a 
point immediately west of Ontario Place. As suggested by 
Lewis and Sly (1971), these sands were probably derived 
from littoral drift material originating at Scarborough 
Bluffs, and transported as far west as Gibraltar Point on 
Toronto Island. Some of this material which passes the 
point is no longer under the direct influence of currents 
from the east but are subjected to waves and currents from 
the southwest which move the material northwards. 


Sediment quality distribution in Humber Bay appears to 
correspond to the sediment type distribution. The coarser 
material around the shoreline of the bay is relatively 
clean. Progressing inwards to the bay the degree of 
contamination increases uniformly to a point roughly 2 km 
south of the Humber STP outfall. From this point to the 
Humber River mouth and about 1.5 km on either side of the 
STP discharge pipe is a zone of heavily contaminated 
sediments. Three zones depicting the sediment quality 
distribution in Humber Bay are delineated in Figure 5.1. 
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The quality of the sediment inside the Humber Bay breakwal] 
varies across the area sampled. The material at those 
Stations close to the Humber River mouth and in the 
vicinity of the Boulevard Club (Figure 3.7) consisted of 
coarse, clean sediments. The sediments at stations in 
between these two areas had a range of poorer quality 
material. Deposition of coarse material by the Humber 
River has resulted in the formation of ‘sand bars' between 
the shoreline and the western terminus of the breakwater 
(Stations T1A and T1B of Figure 3.7). 


The poor quality of sediments along the central portion 
inside the breakwater is perhaps a reflection of inadequate 
dispersion of contaminants and/or contaminated sediments 
entering the area from outside the breakwater or urban 
storm discharges. 


The two stations that were sampled in the Humber Bay 
lakefill embayment (2113, 2117, Figure 2.1) had elevated 
levels of the parameters measured. The sediments at 
Station 2117 in the eastern embayment were highly 
contaminated. This is not unexpected since this embayment 
likely traps material from the Humber River discharges and 
Humber Bay Sewage Treatment Plant discharge. 


The likely sources of sediment and contaminants in Humber 
Bay include the Humber River and the Humber STP with 
smaller contributions from Mimico Creek and storm sewers 
discharging into this area. 


The relatively great depths, large volume and sheltering 
from direct main lake circulation distinguishes Humber Bay 
from other Toronto nearshore areas in the vicinity of river 
mouths. These features are also responsible for the 
deposition of fine material in the bay. Discharges into 
Humber Bay lose momentum and settle throughout the bay. 

The main lake circulation appears to have some influence on 
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the surface waters of Humber Bay based on the limited 
Ministry of the Environment aerial surveillance data. 
Information on the circulation patterns within the Bay is 
currently unavailable and it is also not clear whether wave 
action contributes significantly to resuspension of bottom 
material. Information on possible contribution of the main 
STP discharge and Eastern Headland lakefilling to the 
contamination of Humber Bay sediments is also unavailable 
and warrants investigation. 


Toronto Island and Eastern Headland 


The sediment south of the Toronto Island is mainly coarse, 
clean material. Much of this material was derived from 
littoral drift originating from the Scarborough Bluffs. 

The exception to the otherwise clean area is Station 2222 
(Figure 3.6B) which scuba divers noted was in a local 
depression. Fine sediments with elevated levels of various 
contaminants appear to be trapped in this depression. 


The sediments around the Eastern Headland vary in physical 
type and chemical quality. The area south of the headland 
is moderately contaminated and in the area immediately east 
of the headland, the sediments at some stations are clean, 
while others show slight elevations in contaminant levels. 
The station in Ashbridges Bay lakefill embayment (2127, 
Figure 3.6B) is notably more contaminated than adjacent 
stations. 


The major source of contaminants in this area is the Main 
STP. The material from the STP outfall may be carried in 
an easterly or westerly direction, depending on current 
direction. It appears that very little of this discharge 
is deposited in the vicinity of the outfall, as shown by 
the low parameter values in the sediment at the stations 
around the STP outfall. The sediments at stations near the 
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headland appears to be influenced by material from 
lakefilling activity at the headland. However, the 
contribution from this source cannot be clearly defined 
from the information currently available. Data from 
current studies using sediment traps may provide 
clarification in this regard. 


Toronto Harbour 


In Toronto Inner Harbour, distinct zones (namely slips, 
Island Waterways, main Harbour and Keating Channel) varying 
in degree of pollution can be identified. Generally, the 
harbour sediments consist of fine material, that are 
great ly contaminated with most of the parameters measured. 
The most highly contaminated material in the Harbour is 
found in the slips along the north shore, followed by 
sediments within the Toronto Island waterways. The main 
harbour sediments are less contaminated than the slips. In 
the Keating Channel, the sediments vary from coarse 
material near the Don River mouth to fine material at the 
lower end (west) of the channel. The chemical quality of 
the sediment also becomes progressively worse from east to 
west in Keating Channel, but in general is much better than 
the rest of the Inner Harbour. 


The sediments in the deeper portions of the Outer Harbour 
(Shipping Channel) consist of fine contaminated material 
possibly originating from the Inner Harbour and adjacent 
lakefilling activity. Outside of the Channel, the sediment 
is coarse and clean. The distribution pattern of 
contaminants and the degree of pollution in Toronto Harbour 
did not show any marked changes between 1976 and 1982. 
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The sediment and contaminant sources for the Inner Toronto 
Harbour include storm and combined sewers located within 
the slips and the Don River. Fine material from the Don 
River is carried through the Keating Channel into the 
harbour while the clean, coarser material settle out in the 
upper Keating Channel. Localized contamination from the 
storm sewers occurs in the slips of the harbour. The main 
harbour area is influenced by both the Don River and the 
storm sewers. | 


Eastern Beaches 


The results from the study have shown that the area 
encompassing the Eastern Beaches (Ashbridges Bay to 
Highland Creek) is comprised of coarse, clean material. 
Several stations show slight elevations in levels of total 
phosphorous which may be a reflection of the continuous 
influence of the Main STP discharges. Slight elevations in 
oil and grease at some stations and some arsenic at one 
station represent pockets of localized deposition in 
perhaps small depressions. 


The station at the mounth of Highland Creek probably 
reflects the influence of the Highland Creek STP which 
until very recently discharged into the Creek near its 
mouth. Elevations in the level of oil and grease above 
this guideline were noted at this station. 
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CHAPTER 6 - CONCLUSION 


Considerable variation exists in sediment quality and type 
across the Toronto Waterfront. The two major factors 
influencing the sediment characteristics appear to be local 
discharges and hydrodynamic forces (waves and currents). Areas 
such as the Scarborough Bluffs - Eastern beaches sector of the 
waterfront which are exposed to waves and littoral currents, 
especially from the east, consist primarily of clean, 
coarse-grained material. Other areas such as lakefill 
embayments, Ashbridges Bay and Toronto Harbour are not under the 
influence of any significant water movement that would disperse 
fine material and contaminants. As a result, local discharges 
settle out in areas immediate to the various discharge points 
resulting in local areas of degraded bottom sediment. 


The Don River, Humber River, Humber Sewage Treatment Plant and 
storm sewers are the most obvious sources having a profound 
influence on the quality of local sediments. The Eastern 
Headland appears to be a localized source of sediment and 
contaminants such as lead, oil and grease and PCB's. 


The most degraded areas on the waterfront are the Inner Toronto 
Harbour and Humber Bay with localized pockets of less 
contaminated sediment throughout the waterfront. The pattern of 
contaminant distribution within Humber Bay raises the most 
serious concerns at this time. The build-up of contaminated 
sediments in the southeastern portion of the bay suggests that 
as the influence of waves and currents, and clean littoral sands 
from the east are further diminished as a result of the Eastern 
Headland, contamination from Humber Bay may spread eastward, 
across the south of Toronto Islands. The Toronto shelf may, 
however, influence this. 
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The influence of the Main Sewage Treatment Plant discharge and 
material lost during construction of the Eastern Headland on 
Humber Bay sediments is not known. The major force responsible 
for effecting changes in Humber Bay and south of Toronto Island 
appear to be waves from the southwest which may also be 
responsible for erosion along the south shore of the island. 
The buildup of eroded material at the southeastern tip of the 
island necessitated removal of about 31000m? of sand during 
1983 (pers. comm. A. Khan, Public Works Canada). 


Although mercury levels in sediments have declined significantly 
in many areas across the Province as a result of curtailment of 
use, removal of contaminated bottom sediments during 
navigational dredging and natural transport through scouring, 
levels above the MOE guidelines for open water disposal can 
still be found in the more contaminated areas of Toronto 
Waterfront. The levels likely reflect historic deposits rather 
than current inputs and point to the importance of adequate 
hydrodynamic forces in removing localized deposits after the 
sources have been controlled. 


Any structural modification that changes wave and current 
patterns along the waterfront is likely to induce localized 
deposition of material. The location and design of structures, 
such as lakefills, should be carried out so as to minimize the 
creation of embayments that could trap contaminated material. 
New discharges to the waterfront should be located so as to 
maximize dispersion of the discharges. 
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The impacts of contaminants in sediments on water quality and 
the ecosystem along the waterfront is under study through MOE's 
"Inplace Pollutants Program". During recent years, the Ministry 
monitored water quality at both the R.C. Harris and Island 
filtration plants to determine the impacts of sediments from 
dredging and lakefilling on drinking water quality. The result 
of these studies show no discernible effects that could be 
attributed to sediment since the water supply to both these 
plants remain of excellent quality. 


The movement of contaminants and sediments along the waterfront 
is poorly understood and warrants further investigation which 
Should provide an understanding of material transport especially 
in and out of Humber Bay. 
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HISTORICAL DEVELOPMENT AND QUALITY 
OF THE 
TORONTO WATERFRONT SEDIMENTS- 
PART I 


APPENDIX 
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PLEASE REFER TO SECTION 3 OF THE MAIN REPORT 
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FIGURE A 4 
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Table A.6 1976 Toronto Harbour Sediment Survey 


Station % TP TKN Total Hg Gi Cu Pb Zn Ni Solvent 
Number Loss on mg/g mg/g _ PCB ug/g ug/g ug/g ug/g ug/g ug/g Extract- 
Ignition ng/g ables 
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1426 - - - 500* - - - - - - 4200* 
1353 14.0* Lit 2eB™* OSE00" 2 G.4% “s20"™ (ae0™ ea Z00* 1/8Ues -54* Fea ioous 
1354 8.8* he reek BSU%  LeS*). E/O*. 2 bOU* 530% » 480% 40* | 11380" 
1355 6.6* 1a 3 ea ey 20% 5302524 sb00%.. ey EZU% te eS IUE ee 03805 - 6850* 
1356 4.2 1.6%, 0.9 Nd 0.26 53* 120* 140* 180* 24 4500* 
1357 7<i* 0.9 2.0* Nd 0.32%» 110* 90* S6US es 300%. 12 4900* 
1358 9.4* - Zab® Nd 0.40*" 100% 80* LIU) 1 300ee ams] © - 
1359 13,0* 2.4* - Nd 0.16 au om 26% CLE wigli - 910 
1403 B.9* Ti. 226% Nd 0.33*  /8% fe~ 160* § 280%; G2* . 
1397 - - - Nd <0.01 - - - - - 185 
1427 - = - 300* - = - - - - 6000* 
1398 - - - Nd 0.05 - ~ -- ~ - 288 
1404 12 .0* Ree™ 632. 0* Nd Uz 5k) 60" 86* 2/0* 3c0te 28" 3300* 
1407 - - - Nd <0.01 - - - - - 255 
1408 - - - Nd... %0;01 2. L= - - - - 244 
1360 13.0* 2c4*) 367* 4450" 158% (190 ~ 860% = 1400s a esUre4u* 2500* 
1361 - - - Nd Ce6i=— V92* 130% 450* <410% <35* 1100 
1362 6.6” PAF pe WAS 1008" CURIS Te™ 74* 2nUh po CUUtm Bicu™ 4400* 
1363 5.9 beAl*) F.4 40 - 48* 62* Li2* #22048 24 2970* 
1364 Pa 1,670 bel 60* ~U.3* 86* 80* 250%) 3402 w35* 4200* 
1365 7.6% 1,6*) 2.3* bo puree 93* 84* 260% 3 3007. #35™* 1600* 
1366 7.6" Mabe eae &60*~ £0236" > 100% 88* 270" oe SOU, Gout 1500* 
1367 0.9 0.6 0.3 «20 <0:01 5 3 13 22 4 260 
1428 Ba* Lee) fe k* 278* - - - - - - 6100* 
1411 - - - Nd 0.02 10 2 10 14 3 125 
1412 - - - Nd <0.01 4 2 2 13 3 162 
1368 6e7* be3* ) Ose 150* 7022 63* 68* 250 *) 320 5m ne/* 5200* 
1369 6.4* Pra") 35 140* = “0519 5g" 62* 2O0™ ly DUO % eS eeo* 5900* 
1370 6. *4 ist) 124 FiO 2 tiiec 63* 58* SLO Ee be 200 Ven eao™ 3700* 
ea 6.9* hearse oben 40 0.22 74* 64* 2207  auu 0" 4500* 
1372 6,5* be ha 1.8 Nd 0.26 Ben 66* 220* - 31* 3000* 
1373 1.3 0.42 O02 25 - 9 6 hi ~ 5 260 
1415 - - - < 20 0.06 - - - - - 1050 
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Table A.6 1976 Toronto Harbour Sediment Survey - cont'd 


Station % TP TKN Total Hg Cr Cu Pb Zn Ni Solvent 
Number Loss on mg/g mg/g _ PCB ug/g ug/g ug/g ug/g ug/g ug/g Extract- 
Ignition ng/g ables 
1429 lees ee 200* ~ - - - - - 5000* 
1374 7.4* lel 2-26.44 - - - - - - - 6150* 
1375 6.6* i ry’4o) RL | - 0.23 47* fd 220% OU « hae 4660* 
1376 Vices Te cee edt - - - - ~ - - 3780* 
1377 6. 5* 1,2 elo - - - ~ - - - 3640* 
1380 ons 0.8 1.8 - - ~ ~ - - - 5260* 
1378 4.8 shell 0.9 - - - ~ - ~ - 520 
1014 as. 0.6 1.4 - 0.07 30* 23 6 52 22 1300 
359 3.9 0.9 Line - 0.18 Sie 40* LLOe 50 19 1400 
1386 Ss 2 0.8 0.9 - 0.12 29* 36* 53* 92 17 530 
1387 1.0 0.4 0.1 ~ <0.01 3 3 3 9 3 70 
1379 9.6 eee Cee Nd 0.16 47* 45* TOO% ee S02 eee one 4000* 
1381 7.4 UALS he? PS! - 0.360 uee 04” 76* Z240*"*PS40* a3c* 940 
1388 1.0 0.5 0.1 - - 6 6 16 26 4 3940* 
1389 4.6 0.9 1.4 - - 56* 50* 120%. 270% 225* 820 
1390 0.1 WEG 0.1 - 0.1 4 2 3 5 3 70 
1391 s Ye 0.5 Oa | - 0.04 14 12% 42 41 7 1150 
1392 Cte 0.9 0.8 - 0.12 38* 34* 16% 99 18 1400 
1393 1.0 0.2 0.1 - 0.02 7 4 3 13 5 200 
1394 Broz Loo eee. 180 0.56*  86* 90* 440* 420* 21 8000* 
1385 1 fod 0 (me 2 ol) © - 059i %m 100*e 1 100% 450* 430* 22 6050* 
1383 dott 1.3% —--].8 -—-- 0.6522 8/5 86* 360* 340* 18 4260* 
1394 3.8 0.4 1.3 ~ 0.10 34* 40* 81* 77 Zu 1500* 
1395 5.0 408 id Caan LS) - 0.26 49* 7% 130* “jos tees 1450* 
MOE 
Guide- 6.0 1.0 2.0 50 0.30 25 25 50 100 ‘de 1500 
lines 


* Equals or exceeds MOE Guidelines. 
ND not detected 
- no data 
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Table A.7 1977 Toronto Harbour Sediment Survey 
(Depth 0-5.0 cm) 


% 


Station % y % Loss on Hg Pb Zn 


Number = Sand Silt Clay Ignition ug/g ug/g ug/g 


1383 36.0 34.0 30.0 S.7* 0.54* 300.0* 300.0* 


1536 19.0 80.0 <1.0 2.8 <0.01 17.0 18.0 
1403 20.0 32.0 48.0 13.0* 0.54* 240.0* 390.0* 
1366 3.0 49.0 48.0 7.8*. 0.60* 240.0* 500.0% 
1379 6.0 54.0 40.0 655" Ova eeu 0* 220,07 
1539 11.0 39.0 50.0 a5 1.1 70.0 120.0* 
1393 86.0 13.0 1.0 26 0.14 71.0 94.0 
1394 81.0 10.0 1.0 Ved 0.08 200.0* 98.0 
202 62.0 20.0 18.0 bes 0.04 21.0 34.0 
1417 22 a0 60.0 18.0 <1.0 0.04 23.0 42.0 
1360 2130 49.0 15.0 4.5 0.44* 220.0* 24.0 
1364 6.0 SEO 64.0 6.4* OF50* 110.0* 220.0* 
MOE 
Guidelines 6.0 0.30 50 100.0 


* equals or exceeds MOE Guidelines. 
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Table A.8 1978 Toronto Harbour Sediment Survey 
(Depth Sampled was 0.0-5.0cm) 


a 


Solvent 
% Total Extract- 
Station Loss on TP TKN PCB Ni Hg Cd Cr Cu Pb Zn ables 


Number Ignition mg/g _ mg/g ng/g__ug/g__ug/g__iug/g ug/g ug/g ug/g ug/g__ug/g 


1345 4.7 1.8% 1.5 2000* 25.0* 1.70* 5.3* 49.0* 250.0*  750.0* 480.0*  14500* 
1347 8.5* 2.5* 2.0* 3300* 40.0* 4.20* 7.8* 200.0* 280.0* 1100.0* 800.0* 32400* 
1353 13.0* 4.7* 3.1* 1910* 71.0* 7.00* 10.0* 390.0* 370.0* 1100.0* 830.0* 50000* 
1359 1.0 0.5, eel ND 3.0% <O.0). 4<0.3 4.0 2.e 4.6 17.0 100 
1360 10.0* 1.9 2.4* 1850* 40.0% 1.70* 6.5* 140.0* 280.0*  840.0* 740.0*  22000* 
1379 V9 1.0% 9058 280%s) 11.0 - 0.6 20.0 22.0 74.0* 100.0* 2300* 
1383 3.3 g.8 059 670* 11.0 - doen 0 3d.0eeeo.0%8 310.0% 190,05 4700* 
1401 5.8 0.6 0.6 ND 9.0 0.06 0.6 20.0 14.0 27.0 47.0 5500* 
1402 3.4 0.4 0.3 ND 6.8 0.06 0.4 12.0 9.8 19.0 36.0 800 
1403 2.4 0.4 0.7 ND 6527 0205 0.3 12.0 8.5 16.0 38.0 630 
1404 rsa) 0.8 0.8 65% 11.0 j0.24 1,0" &23.0* e 29.0* 94.0* 130.0* 2400* 
1427 4.0 | eh By ee 520%) 23.0 £50,49% oe lic™ 245.0%" 152.0% | 220.0% 95 200.04 3700* 
1669 Bef Pou Oer 370" 15.0 P0525 1.5% 7.28.0" 2. 36.0%. 110.0% 5130.0 2180* 
1761 1 92 Oe ae OsS ND 18.0 (20.15 0.7 35.0* — 34.0* 4.4 89.0 1200 
1762 1.6 O25 059 10 5.5 ba0.03 0.4 11.0 6.8 - 46.0 400 
1764 4.2 Ue Oso 90* 9.2); 0.13 G.5 18.0 16.0 30.0* 49.0 1400 
1765 ae Vat * iy b<0 26 0«614.0 0.21 jot WS. 33.20% 46.0* 120.0* 4000* 
1766 3.1 O75") 0.6 86* 8.8 0.04 0.4 14.0 11.0 21.0 38.0 200 
1767 2.6 0.6 0.65 11 5.8 7 0°02 ~ $3.0 10.0 6.2 12.0 22.0 510 
1768 2.4 0.3 0.4 ND 6.8 0.02 0.4 10.0 9.2 17.0 35.0 690 
1769 re) Osore 055 10 528 @. 05035 —5<0.3 12.0 6.5 11.0 25.0 865 
1/70 eno 024-5) .0.5 10 5.0 70503) *<073 8.8 6.5 9.8 26.0 3050* 
177} 1.2 O53) 0.5 ND De DigeU. Uy esU ad 9.0 6.5 11.0 23.0 320 
1772 Ze Ova Cae ND BB Oc0crn 60,351 0.6 4.5 15.0 24.0 1130 
1773 yar 0.4 0.2 ND 4.0 <0.01 <0.3 5.8 2.2 9.5 21.0 160 
1774 4.1 O.9 alee 6a*" 12.0 7 0720 0.8 26.0* ~~ 25.0* 53,0* © 94.0 260 
1776 2.0 0.0 Us 180* 8.2 7.0.16 0.4 11.0 14.0 50.0* 72.0 2500* 
at 1.6 Vek Ars 160%, 6.0 #20711 = 7<0.3 9.5 8.3 8.0 32.0 800 
1778 1a3 0.45 2056 180*° ~ 6.0 F 0.09 0.37 721020 9.0 18.0 42.0 640 
1779 1.0 0:5 2 0c0 200%8 44°50 @ 0.06 «8 <0.3 6.0 7.5 9.5 24.0 660 
1780 <1.0 0.6 0.2 - 5.0 <0.01 <0.3 5.0 2n0 6.2 19.0 100 
1781 5 Oram. O “apo 1 - 26.0* 0.45* 2.2 61.0* 61.0* 140.0 240.0* 4900* 
1782 2.4 1.0% se le0 - 12.0 0.14 0.7 26.0*  25.0* 48.0 88.0 2100* 
1783 <1.0 O23 yee. ND 3.0 ND <0.3 6.0 1.8 3.0 20.0 170 
1784 col Oo) waar - 11.0 0.16 0.6 17.0 17.0 3.0 71.0 1200 
1785 <1.0 O25 9" 02 250% i5 0 - <0.4 6.5 4.0 13.0 24.0 380 
ee 
MOE 


Guide- 6.0 1.0 2.0 50 25.0 0.30 1.0 25.0 25.0 50.0 100.0 1500 
lines 


* equals or exceeds MOE Guidelines. 
ND Not detected. 
- No data. 
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Table A.10 1982 Eastern Beaches Sediment Survey 


Solvent 


Extract- Total 


ables PCB 


Zn 


Pb 


TP AS Cr Cu 


TKN TOC 


% Loss on 


% % 
Sand Silt Cla 


Station 
Number 


/g mg/g_ mg/g 


ion mg 


Igni 


Dee sO L 
1.8 <0.01 
2a /eeXOe OL 
ee OmmcUeUt 
O.OumsU. UL 
62 29<0.01 
Soden <0. 01 


4.5 
4.7 


8 
7 


UEot 
1.00 


Wosye [URS 


Oe) 


Os367 04 


0.1 


Ue 
0.9 


ee 
0.0 


OT Same Oat 


2189 
2190 
2191 
2197 
2198 
2199 


2200 


2201 


9 
8 
9.4 


L6 


Hse) 


1219 


0.6 


Sy ais 


94.0 


2202 
2203 


1.62 


0.6 


iv 


Sdeo 1407 


Aé1 


4.5 


Le Se OL 
4.5 <0.01 


410 


14.0 


ge 


Ln Ome 20am] 
260 


6.0 


edt) 
0.86 
1.10 


lO de es 
eee 
1.4* 


One 


0.2 
0.1 


ceo 


Sia, 


250 
4.2 


0.6 


94.9 


2214 


2215 


ad | 


Oe) 2h.0 


Mee) 


LOR <O.0leceae Omele.0 20 


6.3 


OF meu 


0.2 


iNew 


USS 


4.5 21.0 280 


<0; 01 


4.1 
eu 


2.0) 3025 aC eek) 


Ure 


25 
210% <20 
340 <20 


S 
0 
Ls 


5.2 


0.02 


3.0m 0] 
5.0 5<0.01 


0 
0 
4 


Sim -ze 
00 20 
SinsGag 


1. 
is 
14 


MOE 


50 


1500 


0730 —-50-5010050 


2300 2060 


Coe lOsOsee LeU 8.0 


6.0 


Equals or exceeds MOE Guidelines. 


ND Not detected. 


Guidelines 
* 


No data. 


kk 


Interim Guideline. 
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